The Flexible Interface Using a Stretch Sensor  by Hirata, Ichiro et al.
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
doi: 10.1016/j.promfg.2015.07.340 
 Procedia Manufacturing  3 ( 2015 )  845 – 849 
Available online at www.sciencedirect.com 
ScienceDirect
6th International Conference on Applied Human Factors and Ergonomics (AHFE 2015) and the 
Affiliated Conferences, AHFE 2015
The flexible interface using a stretch sensor
Ichiro Hirataa, Hiroyuki Nakamotob, Hideo Ootakac, Mitsunori Tadad
aHyogo Prefectural Institute of Technology, 3-1-12, Yukihiracho, Suma-ku, Kobe 654-0037, Japan
bGraduate School of Sysmtem Informatics, Kobe University, 3-1-12, Yukihiracho, Suma-ku, Kobe 654-0037, Japan
cBando Chemical Industries, LTD., 6-6, Minatojima Minamimachi 4-chome, Chuo-ku, Kobe 650-0047, Japan
dDigital Human Research Center, National Institute of Advanced Industrial Science and Technology, 2-3-26, Aomi, Koto-ku, Tokyo 135-0064, 
Japan
Abstract
In this paper, we propose a stretch sensor for application to flexible interface. This sensor is extremely thin, lightweight and 
sensitivity. It has three elastomer layers. Middle and bottom layers have electrodes that are mainly made from conductive 
particles. Since this sensor is thin and stretchable, it can be easily attached to various types of objects such as input devices and 
different parts of the body without altering the original shape of the object. It can also present capacitance in accordance with the 
amount of area expanded. We tested this sensor to measure the sensor’s capacitance on the elbow and the elbow’s angle. It was 
confirmed that the capacitance of the stretch sensor changes was coincided with the elbow’s angle measured. Applications 
illustrated the utility of this stretch sensor. In the future, this sensor is expected to realize a wide range of technologies, such as 
human interfaces, smart clothes.
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1. Introduction
There have been several attempts to create stretchable sensor for use in electric devices [1-5]. Recently, flexible 
stretch sensors are expected to realize a wide range of technologies, such as human interfaces [6], smart clothes [7,8], 
and robotic skin [9,10]. In the future, we think that one of approach to future electronics is to integrate the attributes 
of flexibility and stretchability to realize soft and human-friendly devices. The stretchable sensor could be exploited 
in the development of wearable devices that can be attached directly to the skin. Possible applications of this include 
the detection of human motion.
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Fig. 1.Sensor structure.
We introduce a thin, flexible stretch sensor with a wide dynamic range. The capacitance of the stretch sensor 
depends upon the area of its sensing part. The sensor is chiefly composed of elastomer. The electrode of the stretch 
sensor is made from conductive particles, which exhibits high affinity to elastomer. Therefore, this sensor is easily 
fabricated and robust.
2. The stretch sensor
2.1. Structure
The stretch sensor that we proposed has three elastomer layers. Structure of this sensor is shown in Fig. 1. The 
copper foils connect the strain sensor to a measuring instrument. Each elastomer layers are thin films. Middle and
bottom layers have electrodes that are mainly made from conductive particles. A copper foil is bonded to the 
terminal of the electrode. The copper foils connect the stretch sensor to measuring instrument.
2.2. Model
The sensor’s model is shown in Fig. 2. The middle layer and the two electrodes make a capacitor. Therefore, the
sensing part is the overlapped area of electrodes. The thickness of the sensor is d. The height and the width of the 
sensing part are h and w, respectively. The middle layer and the electrodes make capacitance sensor. In this 
structure, the capacitance is expressed by the following equation, 
(1)
where is a permittivity under a vacuum, rH is the relative permittivity of the film, and hwS  is the area of the
sensing part. The volume of the sensing part is constant because Poisson's ratio of the film is approximately 0.5, an 
-times stretching changes the height, the width and the thickness of the sensor to , and , 
respectively. If we substitute these parameters for (1), (1) is given by 
(2)
where is an initial capacitance without stretching. As (2) indicates, an -times stretch increases the capacitance 
of the sensor up to the -time value. Therefore, we can calculate the stretch of the sensor based on the capacitance.
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Fig. 2. Sensor’s model.
2.3. Fundamental experiment
We performed a fundamental experiment which obtains the relationship between the capacitance and the stretch 
of the stretch sensor. The both ends of the stretch sensor were clamped to a motorized stage (manufactured by Sigma 
Koki Co.). The motorized stage is driven by a stepping motor, and can accurately make this sensor stretch with a 
resolution of0.01 mm. The one stretch was 10 mm. The motorized stage stretched this sensor 10 times. The total 
stretch was 100 mm. After the stretches, the motorized stage contracted this sensor 10 times, and restored to the 
initial length of this sensor. A LCR meter (manufactured by Hioki Co.) measured the capacitance of this sensor. The 
relationship between the strain of this sensor. The capacitance of this sensor rose based on the strain. The change 
rate of the stretch to the capacitance was 1.1 mm/pF. The relationship was approximately linear, and had no 
hysteresis [11].
3. Application in flexible interface
Reflective markers and a 3D motion capture system have been used in military, entertainment, sports, medical 
applications. In many fields, the 3D motion capture system is used for human motion’s monitor. But, the 3D motion 
capture system may have only specific requirements for the space that is depending on camera field of view. To 
improve the 3D motion capture’s problem, we proposed the stretch sensor to apply the human’s motion monitor.
3.1. Experiment
To evaluate the application for the human’s motion monitor using this stretch sensor, we attempted experiment. 
Actual elbow’s joint angle data was obtained using reflective markers and a 3D motion capture system. We designed 
and manufactured a stretch sensor in order to apply to a human’s motion monitor. The sensor is shown in Fig. 3(a). 
7KHVHQVRUZDVPPLQOHQJWKDQGPPLQZLGWKDQGDERXWȝPLQWKLFNQHVV7KHFDSDFLWDQFHRIWKHVWUHWFK
sensor on the elbow was measured using the capacitance meter that we developed. The elbow angle was measured 
using a 3D motion capture system (VENUS 3D, Nobby Tech. Ltd.). A testee was fitted with hard reflective markers 
that have attachment points to create unique tracking bodies in the upper arm and forearm. 6 cameras in the motion 
capture system captured the hard reflective markers shown in Fig.3 (b). We evaluated the capacitance of the stretch 
sensor in synchronization with the elbow angle by the 3D motion capture system.
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Fig. 3. (a) Stretch sensor’s size :(b) Measurement experiment of the elbow.
Fig. 4.Relationship between the joint angle of elbow and the capacitance of the stretch sensor.
3.2. Result
A plot of actual angle was presented in Fig.4 for a series of elbow bending motions. Actual joint angle was 
calculated based on motion analysis of a 3D motion capture. As seen in Fig.6, the capacitance of the stretch sensor 
appear to be roughly consistent with actual joint position.Results had shown the feasibility of this stretch sensor, 
with accurate measurements of joint motion for the elbow joint when compared to a standard motion capture used to 
measure joint angles.
4. Conclusion
In this paper, we have proposed a new stretch sensor for flexible interface. The structure and the principle of the 
sensor were described and showed the fundamental characteristics. The capacitance of our stretch sensor was 
proportional to the square of the area of the sensing part. The stretch sensor has several desirable features: thinness, 
elasticity, low stress, high durability, and high sensitivity. 
In order to improve the motion capture system, we introduced a stretch sensor. This sensor could directly 
measure the joint angle of the elbow by attaching the sensor on the elbow. Results had shown the feasibility of this 
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stretch sensor, with accurate measurements of joint motion for the elbow joint when compared to a standard motion 
capture used to measure joint angles. Our research suggests the stretch sensor that can act as part of human skin or 
clothing. We believe that such sensor could eventually find a wide range of applications in user interface.
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